The purpose of this study is to develop the ultra-high-speed GTA welding process with hot-wire system using pulsed current to heat filler wire. For precise control of the ultra-high-speed (over 5 m/min) GTA welding, it is necessary to understand deeply the ultra-high-speed welding phenomenon. The melting phenomenon of filler wire was observed in detail by a high-speed camera and filler wire temperature was measured precisely by a radiation thermometer. As a result, precise temperature distribution of filler wire and clearly visualized wire melting phenomenon was obtained.
Introduction
In recent years, there is much interest in the high-speed or high-efficiency arc welding process to reduce construction cost of welding structures 1) . Although GMA welding process has the convenient and economical efficient advantages compared with other welding processes, there is the limitation of its welding speed because the high arc current makes defects and burn-through 2, 3) . GMA welding process also has spatter and fume problems. On the other hand, GTA welding process not only avoids spatter and fume problems, but also it has the ability to control the heat input from the arc and the feeding rate of filler wire separately. Although GTA welding process has many advantages compared with other welding processes, welding speed and the deposition rate are much slower than those of GMA welding processes.
The hot-wire GTA welding process has developed to improve the welding speed and the deposition rate by heating filler wire 4) .
Although the hot-wire GTA welding process has much potential of high efficient weldability and independent control of the deposition rate from the arc current, the process has some problems, e.g. magnetic arc flow, arcing from wire, adjustment of wire inserting position, which make welding operations difficult 5) .
Hori et al. have proposed and developed the hot-wire GTA welding process using a pulsed current to heat filler wire in order to solve the above problems [5] [6] [7] [8] [9] . As a result, the welding speed of over 5m/min became possible by using the hot-wire system in recent study 10) .
The purpose of this study was to investigate melting phenomenon during ultra-high-speed GTA welding in order to develop the ultra-high-speed GTA welding process with the hot-wire system using pulsed current to heat the filler wire. In order to clear the welding phenomenon, the melting phenomenon of the filler wire was observed in detail using a high-speed camera and the filler wire temperature was measured precisely by a radiation thermometer during welding under the ultra-high-speed welding condition.
Experimental procedure
Type 304 stainless steel plates with 2mm thickness were used as the base material and JIS Z3321 Y308 filler wire with 1.4mm in diameter was used for bead-on-plate welding. Table 1 shows the chemical compositions of stainless steel plates and filler wire. Table 2 shows the welding conditions used in the present study. The wire current, arc current, wire feeding speed and wire feeding angle were varied as a parameter respectively for the ultra-high-speed GTA welding process. The welding speed was fixed at 3m/min. A tungsten electrode with 3.2mm in diameter was used and the arc length was fixed as 1mm. Argon was used as shielding gas with flow rate of 14 l/min. Figure 1 shows the experimental setup for temperature measurement of filler wire and measurement points of the filler wire temperature. The wire melting phenomenon was observed by a high-speed-camera with a 950±5nm band-pass filter during welding under the high-speed welding condition. The filler wire temperature was measured by a radiation thermometer under the high-speed wire feeding conditions. The radiation thermometer used in this study was calibrated before the measurement of filler wire temperature during welding. **** Received: 2008.11.18 **** Graduate School of Engineering, Hiroshima University, Japan **** Babcock-Hitachi K.K., Japan **** Bab-Hitachi Industrial Co., Japan Figure 2 shows the temperature distributions of filler wire when the wire current was varied as a parameter in the welding speed of 3m/min, the arc current of 250A, the wire feeding speed of 6.6m/min and the wire feeding angle of 30°. The temperature distributions of filler wire were measured at the wire current of 133A, 127A and 121A in a mean value of a pulsed current. When the wire current was both over 133A and under 121A, typical defects, for example discontinuous beads or pits, were seen on surface of the beads. Adequate (without defects) welding phenomenon was kept within the range in wire current from 121A to 133A. It was understood that there were the three ranges of the filler wire temperature (adequate, too high and too low temperature ranges) in the ultra-high-speed welding process. It is necessary to heat up the filler wire temperature within the adequate range to keep proper welding phenomenon in order to make the high quality bead without defects under the ultra-high-speed condition. In other words, both too high and too low wire temperature cause typical defects respectively. Figure 6 shows the temperature distributions of filler wire and Figure 7 shows appearances of the bead surfaces when the wire feeding speed were varied as parameter in the welding speed of 3m/mim, the wire current of 127A and the wire feeding angle of 30°. When the wire feeding speed was 6.8m/min, 6.6m/min and 6.0m/min, the adequate welding phenomenon was kept with the adequate wire temperature. When the wire feeding speed was under 6.0m/min, defects appeared on the surface of beads because of burn through of filler wire. In this condition, the amount of the wire heating time became long and the too high wire temperature made the welding phenomenon inadequate. When the wire feeding speed was over 6.8m/min, filler wire bumped into the bottom of molten pool and defects appeared on the surface of beads. In this condition, the amount of the wire heating time became short and the too low wire temperature made the welding phenomenon inadequate. As a result, it is understood that filler wire needs to be fed with the proper speed in the adequate wire current to heat up the filler wire temperature within the adequate temperature range for keeping the adequate melting phenomenon The adequate distributions of feller wire when the arc current was varied as a parameter Fig. 3 High-speed imaging outputs and bead surfaces when the wire current was varied as a parameter
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under the ultra-high-speed welding condition. Figure 8 shows the temperature distributions of filler wire and Figure 9 shows appearances of the bead surfaces when the wire current was varied as a parameter in the welding speed of 3m/min, the arc current of 250A, the wire feeding ratio of 2.2 and the wire feeding angle of 60°. The adequate welding phenomenon was kept within the range in the wire current from 128A to 126A.
When the wire current was over 128A or under 126A, typical defects appeared on surface of the beads. It is clear form Fig.2 and Fig.8 that the adequate range of the filler wire temperature became much narrower with the lower wire feeding angle.
Furthermore, Fig.10 
